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Abstract: Background: Folate plays an essential role in the prevention of neural tube defects, yet little
is known about the folate status of women of reproductive age or to what degree the general
population is aware of the importance of folate in early-life development. We aimed to determine
folate status in women of reproductive age and pregnant women in Switzerland, and to assess folate
awareness in the Swiss population. Methods: In a convenience sample of 171 women of reproductive
age and 177 pregnant women throughout Switzerland, we measured red blood cell (RBC) folate
concentration. In a second convenience sample (n = 784, men and women) we assessed folate
knowledge with an online survey. Results: RBC folate concentration (median interquartile range)
was 442 (366, 564) nmol/L in women of reproductive age and 873 (677, 1177) nmol/L in pregnant
women. Folate deficiency (RBC folate <340 nmol/L) was found in 19.9% of women of reproductive
age and 2.8% of pregnant women, while 91.8% of women of reproductive age and 52.0% of pregnant
women showed folate concentrations indicating an elevated risk of neural tube defects (RBC folate
<906 nmol/L). The online survey showed that a high proportion (≥88%) of participants were aware of
folate’s role in neural tube defect (NTD) prevention and fetal development, yet knowledge about
dietary sources and national recommendations of folate supplementation when planning pregnancy
were limited. Conclusion: The high prevalence of folate inadequacy in Swiss women suggests an
elevated risk of neural tube defects and calls for urgent measures to increase folate intakes.
Keywords: folate status; folic acid; women; pregnancy; folate awareness; neural tube defects

1. Introduction
It is widely acknowledged that adequate folate status during the periconceptional period is critical
and folic acid supplementation before conception helps to substantially reduce the risk for neural
tube defects (NTDs) [1]. Based on this reduction in risk, most health organizations recommend that
women of reproductive age (WRA) and especially those planning a pregnancy take daily folic acid
supplements at levels of 400 µg or higher (folic acid or methyl folate), beginning at least four weeks
before conception and continuing throughout the first 12 weeks of pregnancy [2,3]. In combination
with a folate-rich diet [4,5], this recommendation should allow women to reach optimal red blood cell
(RBC)–folate levels which are associated with NTD risk reduction, recently defined as >906 nmol/L [6].
However, several factors may impact the time required to reach this target, such as low folate status
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due to low dietary folate intake and differences in biological responses to folic acid supplements [7,8].
Despite convincing evidence for NTD preventive effects associated with folic acid, a major problem
is low adherence to the folic acid supplement recommendation, as reported in many countries [5,9].
This is partly caused by unplanned pregnancies, but also by overall low awareness of folate/folic acid
and its role in the correct formation of the neural tube of the fetus. This development occurs during the
first 28 days of pregnancy, consequently the correct timing of supplements is a critical aspect of the
recommendation but is particularly challenging to communicate to the general public. Consequently,
NTDs are still considered a major, preventable public-health burden which resulted in approximately
50,000 deaths in 2016 [10].
Mandatory fortification of staple foods with folic acid is another proven intervention to increase
the folate intake in the general population and decrease the incidence of NTDs [11,12]. This typically
provides an additional 100–200 µg folic acid/day to WRA [13]. Globally, 84 countries had mandatory
fortification in 2019 [14,15]. However, an estimated 215,000 NTD-affected pregnancies still occurred as
a result of inadequate or nonexistent fortification policies [11]. In Switzerland, the prevalence of NTDs
is comparable to other European countries and lower than the global estimates [16–18]. Furthermore,
the NTD incidence remained stable between 1989 and 2017 [16]. Pre- and peri-conceptional folic
acid supplementation is the main recommended public health measure in Switzerland, which is
complemented by the availability of folic acid fortified food products (on a voluntary basis) [19].
In the first national survey of folate status conducted in pregnant women (PW) in Switzerland
(2001, n = 381), 63% of women answered that they took a supplement of folic acid, but women were
not asked when they started taking the supplements. Low serum folate (<2.5 µg/L) was reported in
4% of the women, and the concentration was significantly higher in the second and third trimester
of pregnancy in folic acid supplemented compared with un-supplemented women [20]. In the
German-language region (in the years 2002–2003), folate status and knowledge in women (n = 598)
assessed in the postpartal period showed high (60–100%) overall awareness of the importance of
folate in early life development [21]. German-speaking women were well informed about the correct
timing of supplement intake (ca. 75%), while women with an eastern European background were less
informed (24%). Almost all PW (97.5%) took a supplement of folic acid, but only 32% had started
the supplements four weeks prior to conception. Postpartal red blood cell folate concentration was
>906 nmol/L in 82% of respondents [21] and no child was born with NTD during the study.
In a later survey (2009) conducted in over 22,000 women in 18 European countries including
Switzerland, 70% of respondents (77% in Switzerland) had heard of folate or folic acid but only 17%
(33% in Switzerland) were aware of its preventive effects against NTDs. Furthermore 38% of all
first pregnancies amongst respondents (27% in Switzerland) were unplanned and in 75% of planned
pregnancies (ca. 80% in Switzerland), women did not talk to a doctor before stopping contraception [9].
The data show a lack of awareness of folate in the population, especially in WRA. More data on
information sources and channels are needed for targeted awareness campaigns.
In this study, we aimed to: (1) assess folate red blood cell concentration in WRA and PW in
Switzerland; and (2) investigate the awareness of the importance of dietary folate and pre- and
peri-conceptional folate supplementation in the general Swiss population.
2. Methods
2.1. Folate Status in WRA and PW in Switzerland
2.1.1. Study Design
This study was conducted in the framework of the Swiss Iodine Survey 2015. Detailed methodology
of the original study is described elsewhere [22]. Briefly, we conducted a cross–sectional study in
April 2015–January 2016 and aimed to obtain a representative national sample of WRA and PW.
For the current analysis, only women who gave venous blood samples were included. We contacted
346 obstetric/prenatal care clinics/hospitals throughout Switzerland by e-mail and 29 clinics/hospitals
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agreed to participate. Of those, eleven withdrew again without enrolling any participants. Of the
18 remaining clinics/hospitals, nine collected venous blood samples for folate analysis in addition to
the samples collected for the iodine survey.
2.1.2. Participants
The inclusion criteria for both WRA and PW were: (1) residence in Switzerland for ≥ 12 months,
(2) general good health (assessed by no reported treatment for chronic disease, gastrointestinal or
metabolic disorders), (3) no family history of thyroid disease, (4) no exposure to iodine-containing
contrast agent or medication within the last year. WRA were non-pregnant and non-lactating and PW
had a healthy, singleton pregnancy.
The original sample size calculation was done in relation to iodine status. The sample of the
current study can be described as a convenience sample of volunteers within the larger study.
We obtained ethical permission for the study from the Ethics Committee of the Canton Zurich
(KEK–ZH Nr. 2014–0692), and written informed consent from all participating women. All data were
collected in a coded way and registered only by participant number, location and age. The study was
registered at ClinicalTrials.gov as NCT02312466.
2.1.3. Study Procedures
Study participants were recruited by the supervising physician in the participating
obstetric/prenatal care clinics. We informed the physicians about the study procedures and they
instructed the participants. Eligible women were provided with the written study information and
were given sufficient time to read and take a decision. Written informed consent was obtained before
sampling was initiated. The participants received no compensation for their participation.
A short questionnaire was administered to assess inclusion and exclusion criteria as well as
basic information on diet, health, and socioeconomic status. Venous blood samples were collected in
EDTA-coated vacutainers. Folate in erythrocytes (RBC folate) was determined from whole blood using
Abbott Architect i2000 using a chemiluminescence immunoassay with magnetic particles (Abbott
Laboratories, Wiesbaden, Germany). Folate deficiency was defined as RBC folate <340 nmol/L and
a folate concentration indicating elevated risk for neural tube defects (hereafter referred to as folate
insufficiency) was defined as RBC folate <906 nmol/L) based on WHO recommendations and according
to the manufacturer of the laboratory test (Abbot Laboratories) [6,23].
2.2. Folate Knowledge in the Swiss Population
2.2.1. Questionnaire
We developed an online survey in German and English using the software “Unipark” (Table S1,
Supplementary Materials). The questions were selected based on a literature research on studies
regarding folate awareness and inputs from experts from the scientific board of the “Stiftung Folsäure
Schweiz”, a Swiss foundation which aims to better inform the public about the importance of
folate. The questions were arranged in five different topic categories: (1) current knowledge on folate;
(2) attitude and interest regarding nutrition and health in general (used to define nutrition consciousness);
(3) sources of information regarding nutrition and health; (4) demographics; and (5) female-specific
questions. All questions were multiple choice. The survey could be accessed using a weblink or a QR
code. To screen for errors and ambiguity, the questionnaire was pre-tested in a group of 12 adults aged
between 26 and 42 years, from the general public and with varying backgrounds.
2.2.2. Study Procedures
We aimed to distribute the questionnaire as widely as possible among the general public. To achieve
this goal, we recruited participants by the following strategies: (1) we asked 129 general physicians
across the German speaking part of Switzerland to display the study flyer including QR code and link
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in their waiting rooms. Of those, 41 replied, and 18 agreed to display the flyer. (2) We distributed
the study information including the link to the study via an e-mail distributor to students of the
Department of Computer Sciences as well as the employees of the Department of Health Sciences and
Technology at ETH Zurich. (3) The study authors shared the link in their private and work environment
as well as on social media. The survey was open for participation in June and July 2019. Participation
in the survey was anonymous, no contact information was collected from the participants.
2.3. Statistical Analysis
All data were analyzed using the software IBM SPSS Statistics Version 24 and Microsoft EXCEL
2016. Data on folate status are presented as median with interquartile range (IQR) as well as percentage.
Differences in folate status between trimesters of pregnancy were calculated using Kruskal–Wallis
test with post-hoc Bonferroni correction. Differences between women taking and not taking folate
supplements were tested using Mann–Whitney U test. In the survey, only respondents who completed
the survey were included in the analysis. After data cleaning, differences in answers were assessed
across the population groups (sex, age, nationality, education, income, and nutrition consciousness)
using individual chi–square tests. Statistical significance was set at p < 0.05 for all analysis.
3. Results
3.1. Folate Status in WRA and PW in Switzerland
Blood samples were collected from 171 WRA and from 177 PW (n = 20, 78, and 79 in the first,
second, and third trimester, respectively). The results of the red blood cell (RBC) folate concentration
are shown in Table 1. The prevalence of folate deficiency (<340 nmol/L) was 19.9% in WRA and
2.8% in PW. The prevalence of RBC concentrations indicating elevated risk for neural tube defects
(<906 nmol/L) was considerably higher at 91.8% in WRA and 52.0% in PW. In PW, we observed the
highest RBC concentration in women in their third trimester of pregnancy (994 nmol/L) and the lowest
folate concentration in the first trimester (713 nmol/L, p = 0.002 first vs. third trimester). The proportion
of RBC folate <906 nmol/L was 75% in the first trimester, 47% in the second trimester and 56% in the
third trimester. Based on the questionnaire administered to all women, 19 out of the 171 WRA (11%)
and 146 of the 177 PW (83%) consumed supplements containing folate at the time of sample collection.
No information was available on the starting time and duration of supplement intake. RBC folate
concentration was significantly higher in women consuming supplements compared to those who did
not (935 vs. 631 nmol/L in PW (p = 0.002), and 720 nmol/L vs. 420 nmol/L in WRA (p < 0.001).
3.2. Folate Knowledge in the Swiss Population
A total of 937 participants accessed the survey and 784 completed questionnaires (completion
rate: 83.7%). Of these respondents, 482 were female and 302 were male, with an average age of
34.4 ± 12.2 years. Characteristics of the participant are shown in Table 2. Eighty one percent of
participants reported an education at the tertiary level, which is almost double compared to the general
Swiss population aged between 25 and 64 years (44%) [24]. The highest percentage of participants
(67%) was in the highest income category.
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Table 1. Folate status and prevalence of folate deficiency in women of reproductive age and pregnant
women in Switzerland.
Women of Reproductive Age

Pregnant Women

171

177

31.4 (25.0, 36.5)

32.2 (29.7, 35.1)

–

20/78/79

11.1

82.5

442 (366, 564)

873 (677, 1177)

% RBC folate <340 nmol/L

19.9 (n = 34)

2.8 (n = 5)

% RBC folate <906 nmol/L

91.8 (n = 157)

52.0 (n = 92)

n
Age (year)

1

1st/2nd/3rd trimester (n)
% taking folate supplements
Red blood cell folate (nmol/L)

1

1

Median (interquartile range), RBC: red blood cell.

Table 2. Participant characteristics in the survey on folate knowledge in Switzerland (n = 784).
Total

Women

Men

n

%

n

%

n

%

Total

784

100

482

61

302

39

Nationality
Swiss
Non–Swiss

634
150

81
19

385
97

80
20

249
53

82
18

Education
No school degree
No tertiary degree
Tertiary degree

4
148
632

0.5
19
81

3
66
413

0.6
14
86

1
82
219

0.3
27
73

Monthly income
No answer
<CHF 6000
≥CHF 6000

85
175
524

11
22
67

52
111
319

11
23
66

33
64
205

11
21
68

153
631

20
80

102
380

21
79

51
251

17
83

191
352
241

24
45
31

64
218
200

13
45
42

127
134
41

42
44
14

Diet
Special diet *
No special diet
Nutritional awareness
Low
Medium
High

* At the time of the study, participants were (self–declared) vegetarian, vegan, pescetarian or other.

Category 1 of the questionnaire, current knowledge on folate, was assessed using four questions.
In total, 61% of respondents (66% of women and 52% of men) correctly identified folate as an important
vitamin when asked “What is folate?”. A significantly higher proportion of women, participants aged
35 years or older, those with a tertiary degree, and those with a high level of nutritional awareness
answered correctly (all p < 0.001), while nationality (p = 0.487) and income (p = 0.603) had no effect on
the answer.
In contrast, the question on natural sources of folate in food was answered correctly by only 2% of
respondents. Nevertheless, 37%, 41% and 53% of respondents correctly identified vegetables, wheat
germ, and pulses, respectively, as foods rich in folate, while only 13% were aware that fruits are good
folate sources (Figure 1). In total, 74% of respondents correctly identified at least one natural source of
folate, and women more often correctly identified the sources.
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respondents
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and high
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nutritional
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identified
a
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p
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development:
p
=
0.012).
A
total
of
34%
of
respondents
correctly
identified
a
positive
effect
of
folate
p = 0.012). A total of 34% of respondents correctly identified a positive effect of folate on sperm
on sperm
amount
and
quality,
and participants
of male
(p =younger
0.009), younger
ageyears,
(<35 years,
p<
amount
and
quality,
and
participants
of male sex
(p = sex
0.009),
age (<35
p < 0.001),
0.001), and with no tertiary degree (p = 0.043) correctly selected this effect more often. On the other
and with no tertiary degree (p = 0.043) correctly selected this effect more often. On the other hand,
hand, a majority of participants knew that folate has no beneficial effect on dental health (80%) or
a majority of participants knew that folate has no beneficial effect on dental health (80%) or vitamin C
vitamin C absorption (62%).
absorption (62%).
The final question in this part of the questionnaire was on the recommendation of folate
The final question in this part of the questionnaire was on the recommendation of folate
supplementation to reduce the risk for spina bifida. Of all respondents, 59% correctly answered this
supplementation to reduce the risk for spina bifida. Of all respondents, 59% correctly answered this
question, with a higher proportion of women (72%) compared to men (39%) (p < 0.001, Figure 2).
question, with a higher proportion of women (72%) compared to men (39%) (p < 0.001, Figure 2). Study
Study participants with higher proportions of correct answers were aged above 35 years (p = 0.005),
participants with higher proportions of correct answers were aged above 35 years (p = 0.005), had a
had a higher education (p < 0.001), a higher income (p = 0.01), and higher nutritional awareness (p <
higher education (p < 0.001), a higher income (p = 0.01), and higher nutritional awareness (p < 0.001).
0.001).
Category 3 of the questionnaire asked about attitude and interest regarding nutrition and health
in general. When asked about main source of folate knowledge, the answers were widely distributed:
19% from school, 15% from doctors or medical professionals, 15% from friends or family, 13% from
media, 10% from specialist literature, and the remaining 4% from pharmacy or other sectors. A further
24% answered to have no knowledge about folate, with a much higher proportion of men (41%)
compared to women (14%).
When we asked participants about their preferred source of information on folate, media (n = 343)
and doctors/medical professionals (n = 332) scored highest (as multiple answers were possible, this is
not given in % and the total n exceeds the number of participants of 784). This was followed by
specialist literature (n = 291), school (n = 260), pharmacy (n = 174), and friends/family (n = 131).
As sources of folate information, women had higher preferences for doctors and pharmacies compared
to men, however participants aged <35 years had lower preferences for doctors but higher preferences
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Figure 2. Knowledge on the recommended timing of folate supplementation in a survey on folate
knowledge in the Swiss population (n = 784). * Indicates the correct answer.
Figure 2. Knowledge on the recommended timing of folate supplementation in a survey on folate
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The last few
questions
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(86%) confirmed regular visits to the gynecologist for a check-up yearly or every second year. However,
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10%
from
specialist
literature,
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remaining
4%
from
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or
other
sectors.
A
all PW and women who already have children (n = 200), 38% started taking folate supplements
further
24%
answered
to
have
no
knowledge
about
folate,
with
a
much
higher
proportion
of
men
at least one month before conception. However, 20% of the women did not take any folate supplements
(41%)
to women
(14%).at a later point than the recommended time, i.e., one month prior
andcompared
44% started
taking them
When
we
asked
participants
about was
theiran
preferred
source
of information
on folate,
media (n = in
to conception (Figure 3). Education
important
predictor
of the timing
of supplements
343)
and
doctors/medical
professionals
(n
=
332)
scored
highest
(as
multiple
answers
were
possible,
association with a pregnancy as shown by 41% of women with tertiary degree who reported
taking
this
is
not
given
in
%
and
the
total
n
exceeds
the
number
of
participants
of
784).
This
was
followed
supplements ≥1 month prior to conception compared to only 16% of women without a tertiary degree
by(p
specialist
= 291), school
(n = 260),
pharmacy
(n = 174),
friends/family
(n = 131). As at
= 0.017).literature
Similarly,(nwomen
in the higher
income
class were
moreand
likely
to take the supplements
sources
of folate information,
women
had higher
forincome
doctors
and(21%)
pharmacies
compared
the recommended
time (43%)
compared
to thosepreferences
in the lower
class
(p = 0.014).
to men,In
however
participants
aged
<35
years
had
lower
preferences
for
doctors
but
higher
preferences
the same group of women, while 29% of the participants did not receive any information about
fornutrition
schools. during
Participants
without
a tertiary
degree and
with
lower
income during
relied more
on
pregnancy
by their
gynecologist,
64% those
received
this
information
pregnancy,
schools
forreceived
their information,
while
with a Women
tertiary degree
preferred
literature.
and 7%
this prior to
theirthose
pregnancy.
reported
that theyspecialized
were informed
about folate
The
last
few
questions
(category
5)
were
asked
to
female
participants
only.
The
majority
of
deficiency and the risk of birth defects by their gynecologist before pregnancy (25%)
and during
women
(86%)
confirmed
regular
visits
to
the
gynecologist
for
a
check-up
yearly
or
every
second
year.
pregnancy (21%), whereas 54% were not informed at all. Similarly, regarding the relationship between
However,
frequency
of gynecological
check-ups
was lower
for women
the42%,
lower
income class
folate and
spina bifida
and the importance
of taking
supplements,
39%in
and
respectively,
were
compared
to
those
in
the
higher
income
class
(p
<
0.001).
Only
38%
of
all
women
recalled
having
informed prior to pregnancy, and 31% and 35% were informed during pregnancy. On the other
hand,
received
information
regarding
importance
folate
planning about
a pregnancy
during those
30% and
23%, respectively,
werethe
never
provided of
with
any in
information
this relationship
and the
regular
check-ups.
importance of folic acid supplements.
Of all PW and women who already have children (n = 200), 38% started taking folate
supplements at least one month before conception. However, 20% of the women did not take any
folate supplements and 44% started taking them at a later point than the recommended time, i.e., one
month prior to conception (Figure 3). Education was an important predictor of the timing of
supplements in association with a pregnancy as shown by 41% of women with tertiary degree who
reported taking supplements ≥1 month prior to conception compared to only 16% of women without
a tertiary degree (p = 0.017). Similarly, women in the higher income class were more likely to take the
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Figure 3. Timing of folate supplementation as reported by female participants of a survey on folate
Figure 3. Timing of folate supplementation as reported by female participants of a survey on folate
knowledge in the Swiss population who were pregnant at the time of the survey or already had children
knowledge in the Swiss population who were pregnant at the time of the survey or already had
(n = 200).
children (n = 200).

4. Discussion
In the same group of women, while 29% of the participants did not receive any information
Periconceptional folate supplementation, in addition to a balanced diet, has consistently been
about nutrition during pregnancy by their gynecologist, 64% received this information during
shown to significantly reduce the NTD risk [1,25]. To our knowledge, this is the first study to report data
pregnancy, and 7% received this prior to their pregnancy. Women reported that they were informed
on folate status in WRA in Switzerland and data on folate awareness in the general Swiss population,
about folate deficiency and the risk of birth defects by their gynecologist before pregnancy (25%) and
leading to the following critical discussion of the overall folate landscape.
during pregnancy (21%), whereas 54% were not informed at all. Similarly, regarding the relationship
RBC folate concentrations at the population level should be >906 nmol/L in order to achieve
between folate and spina bifida and the importance of taking supplements, 39% and 42%,
the greatest reduction in NTDs [6]. In our convenience sample of WRA and PW, we identified a
respectively, were informed prior to pregnancy, and 31% and 35% were informed during pregnancy.
high proportion of WRA (91.8%) and PW (52.0%) with RBC folate concentrations <906 nmol/L. In the
On the other hand, 30% and 23%, respectively, were never provided with any information about this
first trimester, only one in four PW had RBC folate concentrations >906 nmol/L. Our results confirm
relationship and the importance of folic acid supplements.
previous findings of low dietary folate intake [26]. This earlier study used 10-day weighed-food
of 25–35-year-old single women in the Zürich area and reported a daily folate intake of
4.records
Discussion
122 µg, which is considerably below the DACH recommended daily intake of 300 µg/day [5]. The low
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the US [27], where mandatory folate fortification of enriched cereal grain products has been in place
since 1998 [28]. A German study conducted between 2008 and 2011 reported that 86% of the adult
population, and 88.2% of the female population, was sufficiently supplied with folate [29]. However,
this estimation was based on serum folate concentrations >10 nmol/L, which is considered as the
cut-off for possible deficiency on the basis of metabolic indicators (elevated homocysteine, RBC cut-off
of 340 nmol/L) and not for protection against the NTD risks [6]. These results are comparable to our
findings, which indicate sufficiency based on a cut-off of RBC folate >340 nmol/L for 80.1% of WRA
and for 97.2% of pregnant women.
It is estimated, that mandatory folic acid fortification has prevented >1300 NTDs every year in the
US [30], yet the practice is still highly debated [31–33]. Concerns involve potential risk of exceeding the
upper tolerable intake limit in vulnerable groups, possibly increasing the risk for: (1) unmetabolized
folic acid; (2) potential epigenetic changes and increased cancer risk, and; (3) masking of diagnostic signs
of vitamin B12 deficiency [31,32,34]. The UK has recently taken steps to introduce mandatory folate
fortification of targeted staple foods, but there is still no consensus in Europe [35,36]. Switzerland has
about 200 food products enriched with folic acid by the food industry on a voluntary basis. Consumption
of fortified foods is highly dependent on public awareness of the importance of consuming such
products. Important limitations of voluntary fortification are a lack of centralized control, variable
coverage of the population, and limited traceability of overall intake of the targeted nutrient.
In Switzerland, national data on the prevalence of NTDs are scarce. Data from one canton
(Vaud) are collected yearly and reported via the European platform EUROCAT [16]. These data show
10.2 cases per 10,000 births (this includes both live and still births as well as terminations of pregnancies
after prenatal diagnosis of anomalies) between 1989 and 2017, of which only 1.9 were born alive.
These estimations are comparable to a median of 9.0 cases per 10,000 births reported for all European
countries [18]. Globally, the prevalence of NTDs ranged from 1.2 to 124.1 per 10,000 births, but data
were often regional as national registries are limited. The study concluded that approximately 80%
of estimates included reported NTD prevalence above 6.0 per 10,000 births [18]. Based on pre- and
post-fortification data from countries with mandatory folic acid fortification of staple foods, Crider et al.
concluded that the prevalence of NTDs could be reduced to five to six cases per 10,000 births and that
a certain proportion of NTDs is not sensitive to folate [32]. In Europe, it is estimated, that around
2400 pregnancies develop folic acid-preventable NTDs per year [7]. Thus, the above data suggest a
high potential to reduce the incidence of NTD and to avoid terminations of pregnancies due to NTD
diagnosis by improving folate prophylaxis in Switzerland either by supplementation or fortification.
In the absence of mandatory folic acid fortification programs, folate status can be improved
by targeted folate supplementation of 400 µg/day, but timing supplementation before conception is
challenging [5,37,38]. Further, compliance is influenced by: age (lower adherence at younger age),
education (lower with lower education), income (lower with low income), smoking before pregnancy
(lower for women who smoke), weight status (lower in obesity), and immigration background (lower
in immigrants) [7]. In our survey, we demonstrated that both knowledge about folate sources and
the correct timing of supplementation was higher in women compared to men. For the correct time
of supplementation, higher education and income as well as age above 35 years also appeared to be
important predictors. Considering the greater representation of highly educated participants in our
study compared to the general population, the awareness of the importance of folate supplementation
during pregnancy may even be lower in the general population than that observed in our study.
In addition, older participants with better folate knowledge could be a result of a higher proportion
of them having already undergone or supported a partner or friend during a pregnancy. This may,
however, also indicate that this knowledge is acquired too late for many of the survey participants,
which emphasizes the importance of introducing this important information early in life.
Only 38% of the women participating in our survey who were currently pregnant or already have
children indicated that they started folic acid supplementation at least four weeks prior to conception.
This is in agreement with the high prevalence of folate insufficiency detected in our convenience sample
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of both WRA and PW and especially with our result of lower folate status of women in the first compared
to the third trimester of their pregnancy. In the survey, only a minority of women (38%) had received
information regarding the importance of folate before and during pregnancy from their gynecologist
during regular check-ups, even though >85% of women did report having regular check-ups every
one or two years. Our findings are in line with a large survey conducted in 18 European countries,
including Switzerland (in 2009), where the awareness of the importance of folic acid in general and
related to pregnancies was also found to be low [9]. Only 17% of the >22,000 respondents were aware
that folic acid reduces the risk of NTDs and only 28% of those women currently trying to become
pregnant were taking folic acid supplements [9]. A recent study from France revealed that only 6.4% of
women filled their prescription for folate supplements in the preconceptional period between 2006 and
2016, based on objective data from registries [39]. Even though over-the-counter supplements were not
included, this low number may indicate that self-reported adherence to supplement recommendations,
as used in most other studies, might be overestimated to a certain extent. These results are consistent
with our findings which emphasize the need for new approaches to increase awareness of folate’s
critical role in early life development, with the ultimate goal of better adherence to the NTD preventive
recommendation, both before and during pregnancy. Our findings suggest that regular visits to the
gynecologist might be an important opportunity to better inform women on this topic, and also to
emphasize the importance of nutrition before and during pregnancy [40]. Evidence suggests that
women with very low folate status due to poor diet or other reasons might need to start folic acid
supplements earlier than the recommended 4 weeks in order to reach the targeted RBC folate level
(>906 nmol/L) [41]. As the correct timing of supplementation was strongly influenced by higher
education and income, targeted information strategies adjusted for these factors might also be valuable.
Large differences in folate awareness between men and women indicate that more efforts might
be needed to inform men about NTD-preventive measures and the specific time-frame for folate
supplementation, and continual efforts are needed to prioritize the role of folate intake both before and
during pregnancy.
To our knowledge, this is the first study to compare measured folate concentrations in WRA with
the results on folate knowledge derived from a survey using a separate study group comprised of
men and women. Although the samples for folate status in WRA and PW were collected on a national
level, they were not representative samples due to the limited response. Therefore, we cannot rule out
a certain bias in our study population. A nationally representative study involving a larger sample
size is warranted. For the online survey, our recruitment aim was to include as many participants
as possible with varying socioeconomic backgrounds. However, to achieve the targeted numbers
of participants, we had to resort to e-mail lists available in our University. By sending the e-mail to
employees of the Department of Health Sciences and Technology of ETH Zurich, we hoped to include
both people working directly in a health-related field, and all technical and administrative personnel.
The choice of students from the Department of Computer Sciences at ETH Zurich was also intentional,
as we expected those students to be less interested in health issues compared to some other study
programs. Nevertheless, with the use of those two mailing lists, there was a resulting bias for a higher
proportion of participants with higher education. In order to take this into account in the analysis,
we examined the effect of education on the results whenever possible. Still, despite the high overall
educational level of the study population in our survey, the distribution of participants in terms of
income categories was similar to the National Nutrition Survey menuCH [42].
5. Conclusions
In conclusion, we report a high proportion of inadequate folate intake in both WRA and
PW in Switzerland, along with low adherence to supplementation recommendations. Furthermore,
the awareness of folate’s essential role before and during a pregnancy was low, especially in the younger
adults and groups with low education level. These results highlight the need to strengthen public
health strategies and foster better co-ordination for existing measures aimed to improve awareness and
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ensure adequate folate intake, especially in women planning pregnancy. New approaches might be
needed to reach the younger population, such as the use of digital media or by introducing the topic at
an earlier age through the school curriculum. There seems to be high potential for raising the awareness
of folate requirements and nutrition during pregnancy at the routine check-ups with the gynecologist,
which are attended by a majority of women. To facilitate reaching targeted periconceptional RBC folate
levels, improvements in the present system of voluntary folic acid fortification might be achieved by
increased control and monitoring, or by considering mandatory fortification of targeted staple foods.
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Table S1, Supplementary material: Survey questionnaire for a study on folate knowledge in the Swiss population.
Author Contributions: Conceptualization, I.H.-A., M.A., and J.S.; methodology, I.H.-A., N.W., K.B., and M.A.;
formal analysis, I.H.-A. and N.W.; execution, I.H.-A. and N.W.; resources, I.H.-A., M.A., and J.S.; writing—original
draft preparation, I.H.-A.; writing—review and editing, I.H.-A., N.W., K.B., M.A., and J.S.; supervision, I.H.-A.;
project administration, I.H.-A.; funding acquisition, I.H.-A., M.A., and J.S. All authors have read and agreed to the
published version of the manuscript.
Funding: The study part on folate status in WRA and PW was funded by the Federal Office of Food Safety
and Veterinary affaires, Bern, Switzerland. Publication of the manuscript was supported by the Schweizer
Folsäure Stiftung.
Acknowledgments: We thank all study participants for their contribution to this project as well as Anna Wròbel
and Jason Parron for their support to the paper (statistics, English, respectively).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.

De-Regil, L.M.; Peña-Rosas, J.P.; Fernández-Gaxiola, A.C.; Rayco-Solon, P. Effects and safety of
periconceptional oral folate supplementation for preventing birth defects. Cochrane Database Syst. Rev. 2015.
[CrossRef] [PubMed]
German Nutrition Society, Austrian Nutrition Society, Swiss Society for Nutrition. D-A-CH-Referenzwerte
für die Nährstoffzufuhr. Available online: https://www.dge.de/wissenschaft/referenzwerte/?L=0 (accessed
on 25 August 2020).
Natioanl Institute of Health, Folate-Fact Sheet for Health Professionals. Available online: https://ods.od.nih.
gov/factsheets/Folate-HealthProfessional/ (accessed on 25 August 2020).
IOM. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Panthotenic Acid,
Biotin and Choline; National Academy Press: Washington, DC, USA, 1998.
Schweizerische Gesellschaft für Ernährung SGE DACH Referenzwerte. Available online: http://www.sgessn.ch/grundlagen/lebensmittel-und-naehrstoffe/naehrstoffempfehlungen/dachreferenzwerte/ (accessed on
26 June 2020).
WHO. Guideline: Optimal Serum and Red Blood Cell Folate Concentrations in Women of Reproductive Age for
Prevention of Neural Tube Defects; World Health Organization: Geneva, Switzerland, 2015.
Obeid, R.; Oexle, K.; Rißmann, A.; Pietrzik, K.; Koletzko, B. Folate status and health: Challenges and
opportunities. J. Périnat. Med. 2016, 44, 261–268. [CrossRef] [PubMed]
Ferrazzi, E.; Tiso, G.; Di Martino, D. Folic acid versus 5-methyl tetrahydrofolate supplementation in pregnancy.
Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 253, 312–319. [CrossRef] [PubMed]
Bitzer, J.; Von Stenglin, A.; Bannemerschult, R. Women’s awareness and periconceptional use of folic acid:
Data from a large European survey. Int. J. Women’s Health 2013, 5, 201–213. [CrossRef]
WHO Disease Burden and Mortality Estimates-Cause Specific Mortality 2000–2016. Available online:
https://www.who.int/healthinfo/global_burden_disease/estimates/en/ (accessed on 25 June 2020).
Kancherla, V.; Wagh, K.; Pachón, H.; Godfrey, P.O., Jr. A 2019 global update on folic acid-preventable spina
bifida and anencephaly. Birth Defects Res. 2020, 112, 844. [CrossRef]
Food Fortification Initiative (FFI). Fortifying Flour with Folic Acid to Prevent Neural Tube Defects. 2017.
Available online: www.FFInetwork.org (accessed on 2 July 2020).
Berry, R.J.; Bailey, L.; Mulinare, J.; Bower, C.; Dary, O. Fortification of Flour with Folic Acid. Food Nutr. Bull.
2010, 31, S22–S35. [CrossRef]

Nutrients 2020, 12, 3729

14.
15.
16.
17.

18.

19.
20.
21.

22.

23.
24.
25.
26.
27.

28.
29.
30.

31.
32.
33.

34.

12 of 13

Food Fortification Initiative (FFI) (2019) Global Progress of Industrially Milled Cereal Grain Fortification.
2019. Available online: http://www.ffinetwork.org/global_progress/index.php (accessed on 2 July 2020).
Exchange, G.F.D. GFDx-Providing Actionable Food Fortification Data. Available online: https://
fortificationdata.org/ (accessed on 6 November 2020).
European Commission EUROCAT. Available online: https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocatdata/prevalence_en (accessed on 6 November 2020).
Khoshnood, B.; Loane, M.; De Walle, H.; Arriola, L.; Addor, M.-C.; Barisic, I.; Beres, J.; Bianchi, F.; Dias, C.M.;
Draper, E.S.; et al. Long term trends in prevalence of neural tube defects in Europe: Population based study.
BMJ 2015, 351, h5949. [CrossRef]
Zaganjor, I.; Sekkarie, A.; Tsang, B.L.; Williams, J.; Razzaghi, H.; Mulinare, J.; Sniezek, J.E.; Cannon, M.J.;
Rosenthal, J. Describing the Prevalence of Neural Tube Defects Worldwide: A Systematic Literature Review.
PLoS ONE 2016, 11, e0151586. [CrossRef]
Stiftung Folsäure (Foundation Folic Acid) Stiftung Folsäure-Produkte (Foundation Folic Acid-Products).
2020. Available online: https://www.stiftung-folsäure.ch/produkte/ (accessed on 2 July 2020).
Hess, S.Y.; Zimmermann, M.B.; Brogli, S.; Hurrell, R.F. A National Survey of Iron and Folate Status in
Pregnant Women in Switzerland. Int. J. Vitam. Nutr. Res. 2001, 71, 268–273. [CrossRef]
Jans-Ruggli, S.; Baerlocher, K. Kentnisse über Folsäure und Folsäurestatus bei Müttern: Häufige Einnahme
von Folsäuresupplementen, aber ungenügende Prävention von Neuralrohrdefekten. In Fünfter Switzerland
Ernährungsbericht; Bundesamt für Lebensmittelsicherheit und Veterinärwesen: Bern, Switzerland, 2005;
pp. 1–85.
Andersson, M.; Hunziker, S.; Fingerhut, R.; Zimmermann, M.B.; Herter-Aeberli, I. Effectiveness of increased
salt iodine concentration on iodine status: Trend analysis of cross-sectional national studies in Switzerland.
Eur. J. Nutr. 2020, 59, 581–593. [CrossRef]
De Benoist, B. Conclusions of a WHO Technical Consultation on Folate and Vitamin B12 Deficiencies.
Food Nutr. Bull. 2008, 29, S238–S244. [CrossRef] [PubMed]
Pink-Harper, S.A. Educational Attainment. Econ. Dev. Q. 2015, 29, 167–179. [CrossRef]
Wald, N.J.; Law, M.R.; Morris, J.K.; Wald, D.S. Quantifying the effect of folic acid. Lancet 2001, 358, 2069–2073.
[CrossRef]
Jacob Sempach, S. D AGRL, ETH Zurich, Zurich, Switzerland. Unpublished Work. 1995.
Pfeiffer, C.M.; Sternberg, M.R.; Zhang, M.; Fazili, Z.; Storandt, R.J.; Crider, K.S.; Yamini, S.; Gahche, J.J.;
Juan, W.; Wang, C.-Y.; et al. Folate status in the US population 20 y after the introduction of folic acid
fortification. Am. J. Clin. Nutr. 2019, 110, 1088–1097. [CrossRef]
US Department of Health and Human Services. Food Standards: Amendment of standards of identity for
enriched grain products to require addition of folic acid. Fed. Regist. 1996, 61, 8781–8797.
Mensink, G.B.M.; Weissenborn, A.; Richter, A. Folatversorgung in Deutschland (Folate supply in Germany).
J. Health Monit. 2016, 1, 26–30.
Williams, J.L.; Mai, C.T.; Mulinare, J.; Isenburg, J.; Flood, T.J.; Ethen, M.; Frohnert, B.; Kirby, R.S. Updated
Estimates of Neural Tube Defects Prevented by Mandatory Folic Acid Fortification—United States, 1995–2011.
MMWR. Morb. Mortal. Wkly. Rep. 2015, 64, 1–5.
Murphy, M.E.; Westmark, C.J. Folic Acid Fortification and Neural Tube Defect Risk: Analysis of the Food
Fortification Initiative Dataset. Nutrients 2020, 12, 247. [CrossRef]
Crider, K.S.; Bailey, L.B.; Berry, R.J. Folic Acid Food Fortification—Its History, Effect, Concerns, and Future
Directions. Nutrients 2011, 3, 370–384. [CrossRef]
Kancherla, V.; Pachón, H.; Blencowe, H.; Martinez, H.; Oakley, J.G.P.; Berry, R.J. The Fallacy of Using
Administrative Data in Assessing the Effectiveness of Food Fortification. Comment on: “Folic Acid
Fortification and Neural Tube Defect Risk: Analysis of the Food Fortification Initiative Dataset. Nutrients
2020, 12, 247”. Nutrients 2020, 12, 1352. [CrossRef]
Page, R.; Robichaud, A.; Arbuckle, T.E.; Fraser, W.D.; Macfarlane, A.J. Total folate and unmetabolized folic
acid in the breast milk of a cross-section of Canadian women. Am. J. Clin. Nutr. 2017, 105, 1101–1109.
[CrossRef] [PubMed]

Nutrients 2020, 12, 3729

35.

36.

37.
38.

39.

40.
41.

42.

13 of 13

Bundesinstitut für Risikobewertung. Nutzen-Risiko-Abwägung Einer Flächendeckenden Anreicherung
von Mehl mit Folsäure (Benefit-risk-assessment of mandatory folate fortification of flour). 2017. Available
online: https://www.bfr.bund.de/cm/343/nutzen-risiko-abwaegung-einer-flaechendeckenden-anreicherungvon-mehl-mit-folsaeure.pdf (accessed on 10 November 2020).
GOV. UK. Proposal to Add Folic Acid to Flour: Consultation Document.
2019.
Available
online: https://www.gov.uk/government/consultations/adding-folic-acid-to-flour/proposal-to-add-folicacid-to-flour-consultation-document (accessed on 10 November 2020).
U.S. Centers for Disease Control and Prevention. Recommendations for the use of folic acid to reduce the
number of cases of spina bifida and other neural tube defects. Morb. Mortal. Wkly. Rep. 1992, 41, 1–7.
WHO Reproductive Health Library. WHO recommendation on daily oral iron and folic acid supplementation.
Available online: https://extranet.who.int/rhl/topics/preconception-pregnancy-childbirth-and-postpartumcare/antenatal-care/who-recommendation-daily-oral-iron-and-folic-acid-supplementation (accessed on
15 September 2020).
De La Fournière, B.; Dhombres, F.; Maurice, P.; De Foucaud, S.; Lallemant, P.; Zérah, M.; Guilbaud, L.;
Jouannic, J.-M. Prevention of Neural Tube Defects by Folic Acid Supplementation: A National
Population-Based Study. Nutrients 2020, 12, 3170. [CrossRef] [PubMed]
Mousa, A.; Naqash, A.; Lim, S.S. Macronutrient and Micronutrient Intake during Pregnancy: An Overview
of Recent Evidence. Nutrients 2019, 11, 443. [CrossRef] [PubMed]
Obeid, R.; Schön, C.; Wilhelm, M.; Pietrzik, K.; Pilz, S. The effectiveness of daily supplementation with
400 or 800 µg/day folate in reaching protective red blood folate concentrations in non-pregnant women:
A randomized trial. Eur. J. Nutr. 2018, 57, 1771–1780. [CrossRef] [PubMed]
Pestoni, G.; Krieger, J.-P.; Sych, J.; Faeh, D.; Rohrmann, S. Cultural Differences in Diet and Determinants of
Diet Quality in Switzerland: Results from the National Nutrition Survey menuCH. Nutrients 2019, 11, 126.
[CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

